Introduction
Osteopontin (OPn) is widely expressed in vivo and has multiple biological functions based upon structural modifications and the local environments in which it is expressed [1] . OPn is a major matrix constituent of calcium-containing renal calculi as well as randall's plaques [2, 3] . It is involved in the modulation of nucleation, growth, aggregation of calcium oxalate (CaOx) crystals and is implicated in crystal retention within the kidneys by affecting the adherence of CaOx crystals to renal epithelial cell [4, 5] . OPn is a specific monocyte chemoattactant for renal interstitium and its production is increased prior to monocyte infiltration [6] and development of inflammation. Many crystallization modulators, whose production is increased by the exposure to CaOx crystals, are also participants in the inflammatory and repair process [7] . experimental induction of hyperoxaluria by the administration of ethylene glycol or hydroxyl-l-proline to male rats leads to calcium oxalate (CaOx) crystal formation and deposition in their kidneys [8, 9] . The expression of OPn, which in normal kidneys is restricted to small number of cells in the thin limbs of the loop of Henle and papillary surface epithelium, is significantly increased and seen in the renal epithelial cells and interstitium [10, 11] . Urinary excretion of OPn is also increased. Based on cDna microarray carrying 4,224 cDna clones derived from a rat kidney normalized cDna library, large-scale analyses of gene expression in kidneys of hyperoxaluric rats, 173 differentially regulated genes were identified. The expression of genes participating in inflammatory responses was Abstract Osteopontin (OPn) expression is increased in kidneys of rats with ethylene glycol (eg) induced hyperoxaluria and calcium oxalate (CaOx) nephrolithiasis. The aim of this study is to clarify the effect of OPn knockdown by in vivo transfection of OPn sirna on deposition of CaOx crystals in the kidneys. Hyperoxaluria was induced in 6-week-old male Sprague-Dawley rats by administering 1.5 % eg in drinking water for 2 weeks. Four groups of six rats each were studied: group a, untreated animals (tap water); group B, administering 1.5 % eg; group C, 1.5 % eg with in vivo transfection of OPn sirna; group D, 1.5 % eg with in vivo transfection of negative control sirna. OPn sirna transfections were performed on day 1 and 8 by renal sub-capsular injection. rats were killed at day 15 and kidneys were removed. extent of crystal deposition was determined by measuring renal calcium concentrations and counting renal crystal deposits. OPn sirna transfection resulted in significant reduction in expression of OPn mrna as well as protein in group C compared to group B. reduction in OPn expression was associated with significant decrease in crystal deposition in group C compared to group B. Specific suppression of OPn mrna expression in kidneys of hyperoxaluric rats leads to a decrease in OPn production and simultaneously inhibits renal crystal deposition.
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markedly enhanced with OPn being the most upregulated gene [11] . In this study, we investigated the effect of OPn knockdown by transfection of sirna on CaOx crystal deposition in the kidneys of hyperoxaluric rats.
Materials and methods
Cell culture a normal rat kidney epithelial cell line, nrK52e, was obtained from american Type Culture Collection (CTl-1571; Manassas, Va, USa). They were maintained as continuously growing monolayers (confluent condition) in 75 cm 2 Falcon T-flask (Fisher, atlanta, ga, USa) in culture in 1:1 ratio Dulbecco's modified essential medium nutrient mixture and F-12 (DMeM/F-12, gibco Brl, grand Island, nY, USa) containing 4 % fetal calf serum, 15 mmol/l HePeS, 20 mmol/l sodium bicarbonate, 0.5 mmol/l sodium pyruvate, 17.5 mmol/l glucose, streptomycin and penicillin at 37 °C in a 5 % CO 2 air atmosphere incubator. Under these conditions, cells achieved confluence, they were washed with serum and sodium pyruvate-free DMeM/F-12 media and incubated for 24 h, and then exposed to potassium oxalate (Sigma, St. louis, USa) at a final concentration of 500 μmol/l or CaOx monohydrate (COM; 66.7 μg/cm 2 ) Control cultures were untreated cells. The duration of cell exposure and concentration of COM crystals to which they were exposed was selected based on the results of our earlier studies [12] .
The sequence of OPn sirna and transfection to nrK52e cells The expression of OPn mrna was preliminarily silenced with several designed sirna at confluent culture of nrK52e cells exposed to calcium oxalate monohydrate (COM) crystals and are increased OPn mrna expression.
The sequence of the OPn sirna was designed sense-5′-gUaaggaagaUgaUaggUa-3′ and antisense-5′-UaCCUaUCaUCUUCCUUaC-3′. a siPOrT™ neoFX™ Transfection agent (#aM4510, ambion) was used as a transfection reagent, according to the manufacturer's protocol. 2.5 μl neoFX was added to diluted sirna and sirna was reacted to culture cells as each 5 nM, for 48 h. labeled sirna can be used to analyze sirna subcellular localization, stability, and transfection efficiency. nrK52e cells were treated with calcium oxalate monohydrate crystals (COM, 66.7 μg/cm 2 ) for 12 h and OPn mrna expression was made to be increased. and we investigated if the expression of OPn mrna was actually knocked down by OPn sirna transfection. Fluorescence of OPn levels was determined by confocal microscope images (lSM 5 Pascal, Carl Zeiss). Chemiluminescence intensities were calculated by luzex ® detection system (nireco).
Primers for PCr and quantitative rT-PCr
Primers were designed using Primer express software (Pe applied Biosystems, Foster City, Ca) as following primer pairs: β-actin (accession no. rn00667869_ ml), 5′-TgCCaagTaTgaTgaCaTCaagaa-3′ and 5′-agCCCaggaTgCCCTTTagT-3′; OPn (accession no. rn00563571_ml). The TaqMan Microrna ® Cellsto-CT™ Kit (#aM1728, ambion) was used in case of rT-PCr. PCr product was directly monitored by measuring the increase in fluorescence of dye (Silencer ® sirna labeling kit, #4400242, ambion) bound to the amplified double-stranded Dna. The parameter of threshold cycle (C T ) was defined as the fractional cycle number at which fluorescence exceeds a threshold level. The comparative C T method quantifies the amount of mrna relative to that of a reference sample, termed the calibrator, for comparison of the expression level of every unknown sample. For normalizing the relative amount of β-actin mrna was chosen as an internal reference. The changes in expression are given by unknown samples of interest.
Fluorescence imaging
The delivery of OPn sirna was investigated in advance between renal cortex injection and sub-capsular injection. The differences in sirna delivery were observed by fluorescence imaging after 24 h. atelocollagen (aterogene™) is an in vivo sirna transfection kit and used for local administration (#1390, Koken, Japan). alexa 633-labeled atelocollagen was visualized in fresh kidneys by fluorescence imaging using a custom made macro-imaging station, BioView 1000 (consisting of SBIg cooled CCD camera model ST-7 XMe; Santa Barbara Imaging group Inc., Santa Barbara, Ca) mounted onto a dark box and using 530/610 nm excitation/emission filters.
Image analysis a method for fluorescence signal quantification by computer assisted image analysis has been described elsewhere (De Velasco, 2008 [11] ). In brief, image analysis was performed with Image J public domain software available through the national Institutes of Health (Bethesda, MD; available at http://rsb.info.nih.gov/ij/). all images were spatially calibrated for area measurements. Signal strength was recorded as electrons emitted per second of exposure. The area under the curve (aUC) was determined from plot profiles based on fluorescent signal strength and distribution in each individual kidney. experimental rat model all experiments proceeded with the approval of the animal Care Committee of the Faculty of Medicine, Kinki University School of Medicine. approved number is KaMe-21-001. Hyperoxaluria was induced in 6-week-old male Sprague-Dawley (SD) rats by administering 1.5 % ethylene glycol in drinking water for 2 weeks. Four groups of six rats each were studied: group a, untreated control animals; group B, hyperoxaluria induced by eg administration; group C, hyperoxaluria plus renal sub-capsular injection of OPn sirna using atelocollagen; group D, transfected negative control sirna as group C. 50 μl (5 nM) OPn sirna and negative control genes (Silencer Select negative control; #4390843) solutions with aterogene™ were injected in two additions at sub-capsule of rat kidneys under general anesthesia. after these treatments, oxalate loading was started. OPn sirna transfections were performed Day 1 and 8. These rats were killed at day 15 and all the kidneys were resected. experimental details on kidney removal and processing have been previously described [10] .
Paraffin-embedded sections (4 μm thick) were stained with hematoxylin. Sections were stained with VeCTaSTaIn aBC kit (Vector laboratories, Burlingame, Ca) according to the manufacturer's instructions for immunohistochemistry of OPn (×1000 primary antibody: rabbit anti-human OPn polyclonal antibody; IBl, gunma, Japan). The grade of OPn staining was divided into three steps. We measured all tubular cell stain intensities using image-analyzing software, imageJ for at least three independent fields and evaluated OPn expression levels. The mean value was defined as OPn stain index.
Two different methods were used to determine the extent of crystal deposition in the kidneys. The numbers of crystal deposits were counted in 15 randomly selected fields/ kidney at a magnification of 200 and renal calcium concentrations were measured in the whole kidney (mg/g dry kidney tissue) using an atomic absorption spectrophotometer according to manufacturer's directions.
reverse transcriptase for real-time PCr
The mrna levels of β-actin and OPn mrna in whole kidney were determined using real-time PCr. Total rna was isolated from kidney using TrI ZOl reagent (life Technologies Brl, grand Island, nY) according to the manufacturer's protocol. Two micrograms of total rna was reverse-transcribed to cDna. In brief, 50-μl reactions contained 3 μl of 100 mM MgCl, 1.25 μl of rnase inhibitor, 5 μl of 10× PCr buffer, 10 μl of 10 mM dnTP mix, 1.3 μl of Oligo d(T), and 1.5 μl of reverse transcriptase (all from life Technologies Brl). This mixture was incubated 60 min at 37 °C, and then reaction mixture was heated to 94 °C for 5 min to stop the reaction.
all PCr reactions were performed using an aBI Prism 7700 Sequence Detection System (Pe applied Biosystems). For each PCr run, a master mix was prepared: 1× SYBr PCr buffer; 3 mM MgCl 2 ; 200 μM daTP, dCTP, and dgTP; 400 μM dUTP; 300 μM primer set for β-actin (accession no. rn00667869_ml); and
Statistical analyses
The data are presented as mean ± Se, and differences between data sets were analyzed by anOVa test. Pair-X 2 test was used to assess OPn expression among the four experimental groups. P values <0.05 were considered statistically significant.
Results
It was confirmed that OPn sirna was transfected to nrK52e cells using a siPOrT™ neoFX™ Transfection agent (#aM4510, ambion) and Silencer sirna labeling kit (Fig. 1a) . This lipid-based formulation of transfection agent can be used to efficiently transfect adherent cells without increased cytotoxicity, as they are sub-cultured. exposure to COM crystals increased the expression of OPn mrna by many folds in the renal epithelial cells in culture (Fig. 1B) . This increased expression was reduced by approximately 60 % in cells transfected with the OPn sirna.
Preliminary studies were performed to investigate the delivery of OPn sirna via renal cortex injection and subcapsular injection. Fluorescence imaging of alexa633-labeled aterogene™ showed that sirna injected in the renal cortex remained at the injection site after 24 h of the treatment. Compared to this, atelocollagen injected at the sub-capsular site was visualized in the renal parenchyma far from the injection site (needle; #326666, Becton-Dickinson) (Fig. 2) . Based on these results, we transfected OPn sirna in the sub-capsular region of the kidneys.
as expected an administration of ethylene glycol led to the deposition of CaOx crystals in the kidneys of rats that received ethylene glycol (Fig. 3) . The number of crystal deposits decreased significantly (P < 0.05), from 7.7 ± 2.6 in hyperoxaluric rat kidneys to 4.4 ± 2.7 in kidneys of hyperoxaluric rats that were treated with OPn sirna. Moreover, the crystal deposits seen in the OPn sirna treated rats were relatively smaller in size. There was no significant difference in renal crystal deposition between the hyperoxaluric rats of group B and rats of negative control of group D, which had 8.6 ± 3.1 crystal deposits/field. renal calcium concentration (Fig. 4) was also significantly high in kidneys of rats of group B compared to those of group C. There was no difference in calcium concentration in kidneys of rats belonging to groups B and D.
renal OPn mrna was significantly increased in the hyperoxaluric rats. The transfection of OPn sirna led to significant reduction in the expression of OPn mrna as seen in rats of group C (Fig. 5 ). There were no significant differences in relative quantity of OPn mrna in kidneys between hyperoxaluric rats of group B that received ethylene glycol only and rats of group D the negative controls. Immunohistochemical analyses showed increased renal OPn expression in hyperoxaluric rats of group B (Fig. 6 ) with significant reduction after OPn sirna treatment as seen in rats of group C. There was no difference in OPn expression in kidneys of rats in group D, the negative control group. OPn stain index is 48.12 ± 4.9, 59.68 ± 5.8, 54.33 ± 2.9, 58.45 ± 4.8 in group a, B, C and D, respectively. P values were revealed in Fig. 6  (paired t test) . rats in all four groups stayed healthy. There were no significant differences between rats of the four groups in body weight on day 1 and day 15. rats weighed 204.3 ± 12.8, 198.9 ± 15.8, 202.4 ± 13.1, 208.1 ± 14.1 in group a, B, C and D, respectively, on day 1 of the experiment and 274.2 ± 15.8, 265.6 ± 15.1, 268.1 ± 13.7, 271.8 ± 16.9 g, respectively, on day 15 before they were killed.
Discussion
The formation of kidney stones, majority being made of CaOx crystals, is a common human disorder and complex process. It involves a number of activities such as nucleation, growth and aggregation of the crystals in the kidneys and their retention therein. These processes are controlled Fig. 1 Fig. 2 Fluorescence imaging; alexa633-labeled atelocollagen (aterogene™) was revealed between renal cortical injection (c.j.) and renal sub-capsular injection (s.c.) of atelocallagen. atelocollagen injected in the renal cortex remained at the injection site after 24 h of the treatment, whereas atelocollagen injected at the sub-capsular site was visualized in the renal parenchyma far from the injection site. Image analysis was performed by macro-imaging station, BioView 1000 mounted onto a dark box and using 530/610 nm excitation/emission filters by various factors including urinary proteins, which are also the major constituents of the matrices of kidney stones. OPn, Tamm-Horsfall protein (THP), bikunin, prothrombin fragment-1, α1-microglobulin, inter-α-inhibitor, and matrix-gla protein are some of the major crystallization modulators [13] . OPn is considered as one of the most important macromolecules affecting mineralization and kidney stone formation. To understand the involvement of OPn in CaOx crystallization in the kidneys a number of in vivo studies have been performed using both rats and mice [10, 11, [14] [15] [16] [17] in which production of OPn has been manipulated by various techniques. The transfection of OPn sirna led to significant reduction in the expression of OPn mrna as seen in rats of group C (P < 0.05, group C vs. B and D). There were no significant differences in relative quantity of OPn mrna in kidneys between hyperoxaluric rats of group B that received ethylene glycol only and rats of group D the negative controls all such studies involve induction of hyperoxaluria by the administration of oxalate precursors such as ethylene glycol, hydroxyl-l-proline, or glyoxylate. administration of ethylene glycol to male Sprague-Dawley rats leads to hyperoxaluria and CaOx crystal deposition in the kidneys [9] . exposure to high oxalate and CaOx crystals also induces the production of reactive oxygen species (rOS) by the renal epithelial cells [7] . a number of studies have demonstrated a link between OPn production and rOS and the renin angiotensin system (raS), in particular angiotensin II. angiotensin II infusion stimulates expression of OPn, macrophage infiltration, and tubulointerstitial injury [18] . angiotensin II is implicated in causing oxidative stress by stimulating membrane bound naDPH oxidase leading to increased generation of superoxide [19, 20] . angiotensin II mediates OPn synthesis which is involved in both macrophage recruitment and calcium oxalate crystallization. Significant reduction in OPn expression was found after transfection with angiotensinogen or angiotensin II receptor type 1 (aT1) antisense oligonucleotide [21] .
rat model studies show that OPn expression is significantly increased with the development of hyperoxaluria and additional increase is seen after the CaOx crystal deposition in the kidneys [10, 11] . as a result it has been suggested that OPn expression and production plays an important role in crystal deposition in the kidneys. To validate this hypothesis a number of studies have been carried out to reduce OPn production in hyperoxaluric rats by manipulating raS and rOS production. reduction in renal expression and urinary excretion of osteopontin by treatment with candesartan, an angiotensin II receptor 1 blocker was associated with decreased CaOx crystal deposition in the kidneys [17] . administration of losartan, another angiotensin II receptor 1 blocker, also resulted in reduction of CaOx crystal deposits [22] in eg induced hyperoxaluria. Inhibition of angiotensin converting enzyme by enalapril, similarly reduced CaOx crystal deposition in kidneys of rats administered ethylene glycol [23] . Inhibition of naDPH oxidase by apocynin treatment resulted in the reduction in rOS production, osteopontin production and urinary excretion, as well as CaOx crystal build up in the kidneys of rats made hyperoxaluric by administration of hydroxyl-l-proline [24] . Utilizing global transcriptome analyses, we determined that hyperoxaluria triggered strong up-regulation of naDPH oxidase system and OPn gene, via angiotensin II pathway [25] . These effects were reversed by apocynin treatment.
reduction of OPn production in mice by knocking out OPn gene has led to two different conclusions, one suggesting an inhibitory role while the other as a promoter of crystal retention. results of one study showed that OPn knock out led to increased CaOx crystal deposition in the kidneys of mice made hyperoxaluric by the administration of ethylene glycol [15] . another study showed that knocking out the OPn gene led to decreased CaOx crystal deposition in kidneys of mice made hyperoxaluric by the intra-peritoneal administration of glyoxylate [16] . These differences are most likely a result of dissimilarities in urinary excretion of calcium. Hyperoxaluria alone is not sufficient to produce CaOx crystal deposits in mice kidneys [26] . However, rats respond differently to hyperoxaluric challenges. Induction of hyperoxaluria is almost always associated with CaOx crystal deposition in kidneys of male Sprague-Dawley rats as shown here [8, 27] .
Our studies demonstrate that a reduction in OPn production by the hyperoxaluric rats was associated with reduction in the deposition of CaOx crystals in the kidneys. OPn sirna was delivered to the opposite side from injection by atelocollagen and crystal distribution between closed and distal segments of sirna injection was not provided clearly. The results are similar to those obtained through reduction of OPn by various therapeutic treatments as discussed above. It is already established that OPn expression, production and urinary excretion is increased during experimental CaOx nephrolithiasis. It is also recognized that OPn is an inhibitor of calcification and biomineralization. OPn activity depends upon a number of factors including structure, posttranslational modifications, and fixation [4, 28] . Soluble OPn as used in various in vitro studies, is shown to be an inhibitor of crystal nucleation, growth, aggregation as well as attachment to renal epithelial cells. However, OPn in the hyperoxaluric rats is seen coating the epithelial cell surfaces which may promote crystal attachment [29] . Crystallization modulators present in the normal urine are different from those present in the urine of stone forming individuals in their capacity to inhibit crystal attachment to renal epithelial cells after coating the crystal surfaces [30] .
according to the current concepts calcific stones form attached to either the randall's plaques or randall's plugs [31, 32] . Plaques are subepithelial deposits of basic calcium phosphate on renal papillary surfaces [33] while deposits of calcium phosphate or CaOx blocking the ostia of ducts of Bellini at the renal papillary tip are called randall's plugs [32] . Idiopathic stones form by the deposition of CaOx crystals on the exposed plaques or plugs. The interface between the matrix of CaOx crystals of the developing stone and calcium phosphate of the plaque contains OPn [34] . The matrix of CaOx crystals also comprises OPn [2] . apparently OPn buildup on crystal surfaces stimulates further crystal deposition, advances mineralization front and promotes stone formation.
